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Abstract

NASA's Deep Space Network (DSN), managed by the det Propualsion | aboratory, is @ setof thiee
deepr space communications centers, located near Canberra, Austialic; Madind, Spain; and
Goldstone, California (USA). T ach site has several large redio telescopes, which range from
26y in diatmeter to Y0 Tthe primary requendics inuse by the DSN are S hand (2.1, 2.3 Ghiz)
and X-band (7.1, 6.4 GHZ). The tacking services oficred include telemelry, Doppler and range
mcasuternents, and radio scicnce. The DSN uses ultre low noise antennag front ends and
precision frequency and timing references to ensure that the signal received is as strong and
stable as possible,

Cassini Radio Science has several cetegories of requirernents for DEN tacking services. The
thrce main areas for upgrade are in Ka-band, long-{erm frequency stability, and shori-term
frequency stability/phase noisce level,

I o the Gravitedional Wave B xpeniments (GWLE), the DEN miust provide & stedion having 2-way

Ka band (32, 34 Gliz), silmultancous X and Ke-band uplinks with 1 X-band downlink and 2 Ko
hand downlinks, and greatly enhanced fong-term stability (10004 sec). DSS 26, Jocated inthe
Goldstone complex, will provide these capabiliies. GWE tracking outside the XK station will
consist of a single XOXInK, The Satun system oceultation experiments reauite §, X and Ka-hand
downlinks with greatly enhanced shortterm stahility (1-100 scc) and phase (spectial) noise
levels (1 Hz - 10 Khiz from carner). X and Ka-band racking will be done at DS 26 with the
nearby 70m antenna providing the S-band reception. Atthe othor sites, the 70m will provide &
and X only.

Ka - Band: A pritnary new capability for Cassini will be the DSN's fist two-way Ka-band
cormtnunications ink, available from DSS 246 al the Goldstone Deep Space Commiunications
Complex. The uplink consists of ¢ tunable Ka-hand exciter (32 Ghiz), an 800 W klystron
transmiller, and 76 dbi of gain frony a 34m beanrwavequide antenne and optics. DSES 24 will
also be able (o simultancously transmit @ 3.6 KW X-bend uplink. The downlink consists of the
antenne and scparate downlink feed, @ Ke-band HE M low noise ampliicr (21 K naoise
temiperature), frequency downconversion to 300 Mz, and tunable bandpass recording up to 16
Ml wide I addition, the 300 MEZ signal may also be phase locked loop detected inreal-time,
with precision Doppler measurements. The Ka-band downlink capability will he available as an
enaincering demonstiation in Nave @70 “The fult implementation of the Keaband system will be
available in Apil 2007, i tune for the fust Cassing GWIE {est

Long-Term bFreauency Stiability: Thoere are several major contiibutors to the long-tenm
ficquency stahility of the station. These include fluctuations inthe ttoposphere (causing
apparent path-length fluctuations), movement of the antenna dish, stebility of the primery
frcauency refaerence, and the inherent stability of the various tansmit and receive components
such as the exciler and receivers. The DSN s working on calibretions or itmprovements in all
these arcas, DES 26 will have o sophisticated set of media calibration canipment, including an
\dvanced Water-Vapor Radiomeler developed and built at JP°L The Media Calibration subsystem
will calibrate tioposphetic noise to beller than 1. T - 14 (Allen stondard deviation), Stability of
the primary frequency reference will he improved by adding active feed-hank stabilization o the
frequency distiibution. The reference itsell will be @ hydrogen mascr. The stability of the
antenna dish is being calibrated by @ set of newly-designed test gear which uses @ combination



of techniques to determine overall stability while the antenna is in vanous modes of operation.
Finally, the exciters and receivers have been designed specifically to provide high stability. The
requitement for overall station tong-term (10004 see) frequency stahility is 31 15 ot Ka-band,
and 11 -14 of X-band.,

Shott-Tenn Frequency Stability/Phase Noise evel: The main technology focus for short-
tenm fiequency stability end phase noise level is the development of an new reference oscilledor.
JP s Compensated Sapphire Oscillator will provide: @ stability of paris in 101 16 at time intervals 1
-100s, aénd @ phase noisce level of -G8 dbic/tlz @t 10 Hz. The requiterment for overall station
short-tenm freguency stability (2ll bands) is 4e- 14 at 1 scc, and the requitement for overeall
slation phase noise level al Ka-band is -64 dbie/tiz o4 10 Hz .




